Human papillomavirus (HPV)-related tumors represent an increasing fraction of newly diagnosed with squamous cell carcinoma (SqCC) of the head and neck.[@B1] In fact, HPV-positive SqCC is now recognized as a unique type of tumor with different demographics, a characteristic molecular profile and a distinctly better prognosis than its HPV-negative counterpart.[@B2],[@B3] Epidemiologic studies have shown that HPV-positive SqCC is more frequently seen in younger patients with a higher socioeconomic status who have higher numbers of sex partners and higher exposure to oral sex.[@B4] In addition, it has also been reported that HPV-positive SqCC is less strongly associated with the use of alcohol and tobacco a compared with its HPV-negative counterpart.[@B4] At the molecular level, HPV-positive SqCC harbors less frequent *p53* mutations than its HPV-negative counterpart.[@B5] Besides, it is almost always associated with the over-expression of p16, which is uncommon in its HPV-negative counterpart.[@B6]

It is also likely that HPV plays a role in the deregulation of the cell cycle in cases of HPV-positive tonsillar SqCC.[@B7],[@B8] The emerging paradigm is that loss of normal cell cycle control is central to malignant transformation and that at least one of the four key regulators of the cell cycle (p16^INK4a^, cyclin D, cyclin-dependent kinase 4, and retinoblastoma \[RB\]) is dysregulated in the majority of human cancers.[@B9] In cells that harbor mutations in any one of these other genes, the function of RB is disrupted even if the RB gene itself is not mutated.[@B10] The transforming proteins of several oncogenic human DNA viruses seem to act, in part, by neutralizing the growth-inhibitory activities of RB. In these cases, RB protein is functionally inactivated by binding to a viral protein and it no longer acts as a cell cycle inhibitor. HPV E7 protein all binds to the hypophosphorylated form of RB. This occurs in the same RB pocket that normally sequesters E2F transcription factors. The binding to HPV proteins has a strong preference for certain viral types, such as HPV type 16 that confers high risk for the development of cervical carcinomas. Thus, the RB protein, unable to bind the E2F transcription factors, is functionally inactivated, and the transcription factors are free to cause cell cycle progression.[@B11] In line with these studies, a correlation between HPV, pRb negativity and over-expression of p16^INK4a^ in cases of oropharyngeal carcinoma has also been reported.[@B7],[@B8]

Apoptosis, a programmed cell death, is involved in tissue homeostasis and tumorigenesis. Bcl-2 is another anti-apoptotic protein, which is localized in intracellular membranes, mostly in the outer mitochondrial membrane, nuclear membrane, and the endoplasmic reticulum. At these sites, Bcl-2 controls ion channels, caspase status, and cytochrome c localization, and has an anti-apoptotic function.[@B12] Changes in the expression of Bcl-2 have been examined in various types of cancer because of their contributions to the development of cancer. To our knowledge, however, there are no reports about the correlation between the expression of Bcl-2 and its clinical significance in cases of tonsillar SqCC. Moreover, apoptosis-related proteins have recently been highlighted with the development of apoptosis-targeted anti-cancer drugs.[@B13] It is therefore necessary to examine whether changes in the expression of apoptosis-related proteins have a prognostic value in the targeted anti-cancer therapy.

Given the above background, we conducted this study to examine the relationship between the HPV status and the expressions of p16 and cyclin D1 (two key cell cycle proteins) and that between it and the expression of Bcl-2 (an apoptosis-related protein) in 56 cases of tonsillar SqCC. To do this, we analyzed the presence or absence of HPV DNA on *in situ* hybridization (ISH) and evaluated the immunohistochemical findings to quantify the expression of the above prognostic markers. In addition, we also examined whether any of these targeted molecular markers had a significant correlation with clinicopathologic parameters and they had a prognostic value.

MATERIALS AND METHODS
=====================

Selection of study patients
---------------------------

The current study was approved by the Institutional Review Board (IRB) of the Catholic University of Korea, Seoul St. Mary\'s Hospital. Data were collected in all the cases, but four cases, for which the HPV analysis of the specimens of tonsillar SqCC was performed as a part of routine clinical and laboratory tests during a period ranging from 1994 to 2010. Clinicopathologic parameters were analyzed through a retrospective review of the medical records and pathologic reports at our medical institution. Our series of patients (n=56) comprised 51 (91.1%) men and five (8.9%) women with a mean age of 57.3 years. Besides, there were 18 (32.1%) never smokers and 38 (67.9%) light-and-heavy smokers. Furthermore, there were seven cases (12.5%) of well-differentiated tumor, 44 cases (78.6%) of moderately-differentiated tumor and five cases (8.9%) of poorly-differentiated tumor. Outcomes were determined from the date of surgery until death or July 31, 2011, which resulted in the period of a follow-up ranging from 1 to 137 months. Cases lost to follow-up and deaths caused by problems other than tonsillar SqCC were censored from survival analysis. Of the 56 patients for whom follow-up data were available, 14 (25.0%) had a loco-regional recurrence and seven (12.5%) had a distant metastasis. There were no patients who received preoperative therapy. Besides, there were 42 patients who received adjuvant chemotherapy (CTx) or radiation therapy. Furthermore, postoperatively, there were one patient (1.8%) who received only CTx, 25 patients (44.6%) who received the chemoradiation therapy (RTx) and 16 patients (28.6%) who received the radiation therapy.

Tissue microarray construction and immunohistochemistry
-------------------------------------------------------

Tissue microarrays were constructed from paraffin-embedded blocks after a review of the glass slides in 56 cases of tonsillar SqCC. One core of tumor tissue was obtained using a punch and it was re-embedded in recipient blocks using a tissue array-generating device (Beecher Instruments, Sun Praire, WI, USA) with 2.0-mm cylinders. Each microarray block contained 17 cases of tonsillar SqCC. The paraffin-embedded tissue was sectioned at a thickness of 4 µm and mounted on precoated glass slides. The sections were deparaffinized, rehydrated and rinsed in a distilled water. Immunohistochemistry assays for p16^INK4A^ (1:200, anti-p16 mouse monoclonal antibody, Santa Cruz Biotechnology, Santa Cruz, CA, USA), Bcl-2 (1:20, Dako, Glostrup, Denmark), cyclin D1 (1:50, Thermo Science, Runcorn, UK) were performed using the Ventana NX automated immunohistochemistry system (Ventana Medical Systems, Tucson, AZ, USA).

p16 expression was scored as positive if the nucleus and cytoplasm were stained both strongly and diffusely in ≥70% of the tumor specimens. Specimens of cervical carcinoma were served as a positive control for p16 staining. Bcl-2 expression was scored based on criteria of Jäckel et al.[@B14] Based on the intensity scores (0 point, absent; 1 point, weak; 2 points, moderate; 3 points, strong) and prevalence scores (0 point, the proportion of stained tumor \<25%; 1 point, 25-75%; 2 points, \>75%) were added, if the total scores were \>3 points, this was considered positive. Stromal lymphocytes in tonsils were served as positive controls for Bcl-2 staining. Cyclin D1 was scored using the same methods as performed for Bcl-2.[@B15]

ISH for HPV
-----------

The Ventana INFORM HPV ISH assay uses a nonamplified high-risk HPV III probe which consists of a cocktail directed against HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 66. The ISH assays were performed on 3-µm sections with the Benchmark Automated Slide Stainer. The automated system used herein is composed of the Ventana ISH Protease 3 (8 minutes) to degrade proteins surrounding the target DNA, the above-mentioned high-risk HPV probe and the Ventana iVIEW Blue detection kit. The detection system uses a biotinylated antifluorescein antibody to detect the hybridized probe followed by streptavidin to bind biotin then a chromogen reaction with nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl-phosphate (BCIP) for detection. The HPV ISH test was scored as positive if there was any blue reaction product that co-localized with the nuclei of malignant cells.[@B16] Diffuse nuclear and cytoplasmic staining and punctuated nuclear staining were scored as positive. Diffuse staining of tumor and stromal tissues, considered to represent non-specific chromogen precipitate, which was scored as negative.

Statistical analysis
--------------------

All statistical analyses, including Pearson chi square test, Fisher\'s exact test and student t-test, were performed to identify correlations between the grouped immunodetection data and multiple clinical variables using IBM SPSS ver. 18.0 (Chicago, IL, USA). Survival analysis was performed using the Kaplan-Meier method and the resulting curves were compared using a log-rank test. Multivariate disease free survival (DFS) analysis was performed using the COX proportional hazard regression model. A p\<0.05 was considered statistically significant.

RESULTS
=======

Correlation between expressions of HPV ISH with its related proteins and clinicopathological parameters
-------------------------------------------------------------------------------------------------------

Our series of patients (n=56) were composed of 20 cases (35.7%) of HPV ISH positive tumors. Besides, the expressions of p16, cyclin D1 and Bcl-2 were detected in 31 cases (55.4%), 26 cases (46.4%) and 13 cases (23.2%), respectively ([Fig. 1](#F1){ref-type="fig"}). Details of patient characteristics and marker status are summarized in [Table 1](#T1){ref-type="table"}. There was a correlation between HPV ISH and p16 expression, which was seen in 30 patients (60%; p=0.015, Fisher exact test). Of them, 15 patients (53.6%) had an HPV ISH-positive tumor and all of these cases were positive for p16 expression. There was no correlation between HPV ISH and cyclin D1 expression (p=0.857). But there was an inverse correlation between p16 and cyclin D1 expression (p=0.010, r=-0.38). In addition, Bcl-2 expression was correlated with both HPV ISH (p=0.005) and p16 expression (p=0.036) and it was inversely correlated with cyclin D1 expression (p=0.018, r=-0.401). The mean age was 55.0±6.529 years in the HPV ISH-positive group and 58.25±8.602 years in the HPV ISH-negative group. These results indicate that the mean age was slightly younger in the HPV ISH-positive group as compared with the HPV ISH-negative group. But these differences reached no statistical significance. In addition, no markers including HPV ISH, p16, cyclin D1, and Bcl-2 were significantly correlated with any of the clinicopathological variables including sex, age, smoking status, degree of differentiation, T stage, N stage, and treatment status.

Survival analysis
-----------------

The Kaplan-Meier analysis identified p16 positive expression (p=0.016, log-rank) ([Fig. 2C](#F2){ref-type="fig"}), cyclin D1 negative expression (p=0.004, log-rank) ([Fig. 3A](#F3){ref-type="fig"}) and Bcl-2 positive expression (p=0.031, log-rank) ([Fig. 3C](#F3){ref-type="fig"}) as predictors of longer DFS. HPV ISH positivity (p=0.04, log-rank) ([Fig. 2B](#F2){ref-type="fig"}) was a predictor of longer overall survival (OS). In the current study, a multivariate survival analysis was also performed to evaluate the DFS. This showed that only p16 positivity was a statistically significant, independent and good prognostic factor (p=0.006; hazard ratio, 10.1; 95% confidence interval, 1.939 to 52.806) among the other variables affecting patient survival ([Table 2](#T2){ref-type="table"}).

Under the hypothesis that the above predictors might be independently correlated to the outcomes, we evaluated them in combination with each other. [Fig. 2A-D](#F2){ref-type="fig"} shows the relationship of individual outcomes according to HPV and p16 status, and [Fig. 2E and F](#F2){ref-type="fig"} does the Kaplan-Meier curves for DFS and OS based on combinations of HPV and p16 status. The groups were divided into the p16 negative/HPV ISH negative group (n=16), the p16 positive/HPV ISH negative group (n=13), the p16 negative HPV ISH positive group (n=3) and the p16 positive/HPV positive group (n=5). Of the HPV ISH positive groups (p16-/HPV ISH+ and p16+/HPV ISH+), the p16 positive subgroup had a mean DFS of 69.2 months and the p16 negative subgroup had a mean DFS of 5.67 months. These results suggest that the p16 positivity might be a better prognostic indicator. But this difference reached no statistical significance (p=0.10, log-rank) ([Fig. 2E](#F2){ref-type="fig"}). OS also showed a similar pattern as the results obtained from the DFS (p=0.15, log-rank) ([Fig. 2F](#F2){ref-type="fig"}). In addition, to estimate the magnitudes of the hazards associated with HPV ISH and p16, we performed Cox proportional hazard regression analysis for the bivariate combination of HPV ISH with p16 ([Table 3](#T3){ref-type="table"}). Cases of p16 negative/HPV ISH negative alone had 5.28 hazard ratios for recurrence (p=0.039; 95% confidence interval, 1.092 to 25.56) and 5.342 hazard ratios for death (p=0.037; 95% confidence interval, 1.105 to 25.81) compared to p16 positive/HPV ISH positive cases of SqCC.

We also performed survival analysis depending on the treatment methods, but excluded patients who received neoadjuvant therapy. Patients were divided into four groups: the group 1 comprising only patients who underwent surgery, the group 2 comprising those who underwent surgery and CTx, the group 3 comprising those who underwent surgery and chemoradiation and the group 4 comprising those who underwent surgery and RTx. The analysis was then stratified by pStage. Data was available for only pStage II and IVB. In pStage II, the group 3 showed a good DFS (p=0.001, log-rank) and a good OS (p=0.011, log-rank). In pStage IVB, the group 4 showed a good DFS (p=0.049, log-rank) and a good OS (p=0.002, log-rank).

DISCUSSION
==========

Clinical trials have shown that the HPV status is a key prognostic indicator in patients with oropharyngeal carcinoma.[@B17] It would therefore be mandatory to standardize or to determine the best test methods for high-risk HPV. Besides, it is also necessary to combine multiple tests, which would be essential for making an accurate diagnosis. According to studies, the prevalence of HPV infections in cases of tonsillar SqCC has been reported to be about 37-80% in western countries.[@B2],[@B3] A variety of detection methods are currently available and these include p16 immunohistochemistry (IHC), high-risk HPV ISH, p16 IHC/HPV ISH combination, DNA quantitative polymerase chain reaction (qPCR), p16 IHC/DNA qPCR combination, DNA/RNA qPCR and p16 IHC/RNA qPCR combination. Each detection method has its own merits and demerits. In addition, the sensitivity and specificity of each method for defining the HPV status vary to such a considerable extent that the clinical usefulness of some detection methods have been questioned.[@B18] Schache et al.[@B19] evaluated the sensitivity and specificity of various diagnostic modalities for HPV in cases of oropharyngeal SqCC, for which these authors compared them based on the viral mRNA expression using the qPCR techniques on fresh-frozen-derived total DNA samples. This showed that the sensitivity was 88% of HPV ISH, 94% of p16 IHC and 97% of DNA qPCR. Besides, the specificity was 88%, 82%, and 87% in the corresponding order. These results indicate that the false negativity of HPV ISH was relatively higher. Lewis et al.[@B16] found more HPV positive cases by the DNA PCR from the HPV ISH negative cases. Although this RNA based HPV detection may prove valuable in a research setting, it would be logistically difficult to introduce into a routine pathology service where diagnostic algorithms are based on the assessment of formalin-fixed, paraffin-embedded tissue. It would therefore be mandatory to perform an internal validation of the sensitivity and specificity between RNA qPCR and HPV ISH, which is essential for evaluating the accuracy of HPV ISH. In comparison, our results showed a relatively lower prevalence of HPV infection (35.7%) by the HPV ISH. Despite a lower prevalence of HPV infection, however, we did not validate the HPV ISH, which is one of limitations of the current study. In addition, we cautiously suggested that another reason for a lower prevalence of HPV infection might be due to the conservative sexual behavior based on Confucian ethics in Korean people.

It is not entirely clear why there is an improved outcome for patients with HPV positive tonsillar SqCC. Some studies have shown that HPV 16-positive head-and-neck tumors are more likely to carry wild-type tumor protein p53 (TP53) and express p16,[@B3],[@B20] which supports the notion that the improved prognosis may be actually attributed to the HPV infection. In contrast to tobacco-associated head-and-neck SqCC, the presence of functional TP53 may render the tumor susceptible to radiation-induced apoptosis.[@B21] However, the mechanism by which HPV infection attributes to the improved outcome is less than simple, as studies have shown that not all HPV-positive head-and-neck tumors are transcriptionally active.[@B20]

The expression of p16 as an optimal biomarker for tonsillar SqCC might be limited because p16 can be overexpressed by other mechanisms.[@B2] Indeed, head and neck SqCCs can be p16 positive but are HPV negative. Robinson et al.[@B22] reviewed the results of the HPV testing by pooling the results of six studies examining 496 tumors using such a classification and these authors found p16 positive/HPV negative results in 5% and p16 negative/HPV positive results in 8% of total cases. By contrast, our results showed that there were such a greater number of p16 positive/HPV ISH negative cases that the proportion of p16 positive/HPV ISH negative cases and p16 negative/HPV ISH positive ones were 27.6% and 6.3%, respectively. These results might originate from a lower sensitivity of the HPV ISH. Considering the proportion of p16 negative/HPV ISH positive cases was similar to other studies, however, a lower sensitivity of the HPV ISH was not solely responsible for the problem. In addition, 30% of p16 positive tumors have been reported to be HPV negative.[@B23] If so, what is the mechanism of p16 overexpression in the absence of HPV E7 expression? To answer this, it has been hypothesized not only that the tumors develop completely independently from the HPV but also that they have innate p16 overexpression. The second, current HPV-specific tests may not be recognizing HPV. For example, there may be unidentified HPV genotypes that do not contain the consensus DNA sequences that are detectable by the ISH or PCR.

Our results showed that p16 positive tonsillar SqCC has a very favorable prognosis with no respect to its HPV status, which has also been supported by data from other investigators. A large-scale, multi-national Phase III clinical trial was conducted to evaluate the prognostic value of the expressions of p16 and HPV in cases of oropharyngeal SqCC. This also showed that the expression of p16 was identified as an indicator for a good prognosis in a larger cohort of patients as compared with HPV testing alone or the combination of p16 and HPV positivity.[@B24]

Our results also showed that there was an inverse correlation between the expression of cyclin D1 and that of p16 but there was no correlation between it and the HPV ISH status ([Table 1](#T1){ref-type="table"}). In addition, there was also a correlation between the cyclin D1 positivity and a poor DFS. In HPV-associated tumors, the oncoprotein E7 interacts with pRb and thereby induces the degradation of pRb. This eventually leads to the up-regulation of p16^INK4A^ and the down-regulation of cyclin D1. Presumably, the tumor might be developed automatically along with its downstream genes in a cell-cycle-dependent manner following the initiation of its development by HPV E7 protein. This is in agreement with the reports, made by Andl et al.,[@B25] that that E7 might overcome the need for cyclin D1 in the G1 phase of the cell cycle as it interacts with the cyclin D1-binding site on pRb. Indeed, a high level of the expression of cyclin D1 was predominantly seen in cases of HPV-negative tonsillar carcinoma, which strongly indicates that the amplification of cyclin D1 gene might be involved in these cases.[@B25]

It has been examined whether Bcl-2 has a prognostic value in cases of oropharyngeal SqCC. Several studies have analyzed Bcl-2, an apoptosis-related protein, in multiple copies or it in combination with other markers. Still, however, the role of Bcl-2 as a prognostic marker remains controversial. Some authors have failed to find any associations between Bcl-2, Bax or Bcl-X expression and prognosis,[@B26] whereas others have found its association with a favorable outcome.[@B27] To date, however, only a few studies have demonstrated that Bcl-2 is an indicator of a poor prognosis.[@B28] To our knowledge, there is only one study of survival analysis that examines the correlations between Bcl-2 and HPV ISH in cases of oropharyngeal SqCC.[@B29] This showed that a higher level of the expression of bcl-2 was correlated with a poor prognosis with no respect to the HPV status. This was in contrast to our results. Accurate mechanisms for a poor prognosis and its correlation with the HPV status remain obscure. Loro et al.[@B30] concluded that a loss of Bcl-2 and Bax in the progression of oropharyngeal SqCC could not be attributed to mutations in the coding regions of these genes, but may result from the transcriptional or post-transcriptional regulation. Molecular (western blot) studies can therefore be applied to SqCC tissue samples to determine whether Bcl-2 and Bcl-X proteins are present in their cleaved forms, thus contributing to an apoptosis. To date, previous studies including ours have examined a relatively smaller number of patients to evaluate the actual role of Bcl-2 in cases of tonsillar SqCC in association with the HPV infections. Further studies are therefore warranted in a larger series of patients.

In conclusion, our results showed that there are a multiple number of factors associated with the HPV status and these factors might affect the prognosis of tonsillar SqCC. Our results also indicate that both p16 positivity and HPV ISH positivity, the former among the rest, were indicators of a good prognosis and they may have a prognostic value for cases of tonsillar SqCC. In addition, Bcl-2 also may play an important role in a good prognosis in association with the HPV status. With respect to the survival, our results support previous reports that there were favorable outcomes in cases of HPV-positive oropharyngeal SqCC. It would therefore be mandatory to evaluate these markers, which is essential for predicting a prognosis of patients.
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![Representative photomicrographs of an tonsillar squamous cell carcinoma stained with antibodies against (A) p16, (B) cyclin D1, (C) Bcl-2, and (D) human papillomavirus (HPV) *in situ* hybridization. All of staining results are interpreted as positive.](kjpathol-46-177-g001){#F1}

![Survival curves obtained using the Kaplan-Meier method by the log-rank test. (A, C) Disease free survival for human papillomavirus (HPV) and p16. (B, D) Overall survival for HPV and p16. (E, F) Survival curves for a subgroup analysis.](kjpathol-46-177-g002){#F2}

![Survival curves obtained using the Kaplan-Meier method by the log-rank test. (A, C) Disease free survival for cyclin D1 and Bcl-2. (B, D) Overall survival for cyclin D1 and Bcl-2.](kjpathol-46-177-g003){#F3}
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Cliniocopathologic characteristics of patients and HPV *in situ* with related proteins
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Values are presented as number (%).

HPV, human papillomavirus; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; CTx, chemotherapy; CCRT, Chemoradiaton; RTx, radiation therapy; ISH, *in situ* hybridization.

^a^By chi-square test; ^b^By student t-test.
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Prognostic factor for disease free survival^a^
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CI, confidence interval; HPV, human papillomavirus; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated.

^a^By cox proportional hazard regression.
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Multivariate analysis^a^ (compared to p16 positive and HPV ISH positive SqCC)
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HPV, human papillomavirus; ISH, *in situ* hybridization; SqCC, squamous cell carcinoma; HR, hazard ratio; CI, confidence interval; (+), positive; (-), negative.

^a^By cox proportional hazard regression.
